Objective : To introduce the frequency and segment analysis of in-stent stenosis for intracranial stent assisted endovascular treatment on complex aneurysms. Methods : A retrospective study was performed in 158 patients who had intracranial complex aneurysms and were treated by endovascular stent application with or without coil embolization. Of these, 102 patients were evaluated with catheter based angiography after 6, 12, and 18 months. Aneurysm location, using stent, time to stenosis, stenosis rate and narrowing segment were analyzed. Results : Among follow-up cerebral angiography done in 102 patients, 8 patients (7.8%) were shown an in-stent stenosis. Two patients have unruptured aneurysm and six patients have ruptured one. Number of Neuroform stents were 7 cases (7.5%) and Enterprise stent in 1 case (11.1%). Six patients demonstrated in-stent stenosis at 6 months after stent application and remaining two patients were shown at 12 months, 18 months, respectively. Conclusion : In-stent stenosis can be confronted after intracranial stent deployment. In our study, no patient showed symptomatic stenosis and there were no patients who required to further treatment except continuing antiplatets medication. In-stent stenosis has been known to be very few when they are placed into the non-pathologic parent artery during the complex aneurysm treatment, but the authors found that it was apt to happen on follow up angiography. Although the related symptom was not seen in our cases, the luminal narrowing at the stented area may result the untoward hemodynamic event in the specific condition.
INTRODUCTION
The intracranial stent has been applied frequently and makes the complex aneurysm treatment possible with endovascular way. Before the device of self expandable intracranial stent like Neuroform (Boston Scientific/Target, Fremont, CA, USA) and Enterprise (Cordis Neurovascular, Miami Lakes, FL, USA) which have been available in Korea, coronary stents were used for the treatment of intracranial complex aneurysms. However, their rigidity made a difficult navigation through intracranial vessel and the excessive radial force on the parent artery lumen sometimes brought about very severe complications like early vasospasm, vessel injury and delayed in-stent stenosis with neointimal hyperplasia 4) .
In-stent stenosis after treatment of intravascular atheromatous disease in coronary artery is a relatively common complication and has incidence of between 10-50% 11) . And the risk of ischemic stroke due to stenosis in patients with intracranial atherosclerotic disease ranges from 8-22% 2, 16) .
Stent-assisted endovascular embolization of intracranial aneurysm was first reported by Higashida et al. 5) several years ago and it was admitted as a relative new idea in endovascular treatment. When this technique was introduced, the utility of technique was restricted by the technical limitation and commercial availability.
The neointimal hyperplasia rarely develops during deployment of stent which provides low radial force such as Neuroform or Enterprise. However, it has been more frequently reported with in-stent stenosis by neointimal hyperplasia as time has been passed since first application and increasing of follow-up patients. Some adverse effects such as in-stent stenosis have become known after aneurysm treatment using intracranial stent. The endothelialization and intimal growth over the stent are important factors of in-stent stenosis.
Additionally, neointimal hyperplasia has a crucial role of stenosis over stent segment that result in a hemodynamic remodeling of parent vessel 3) . Also, the self expanding intracranial stent has a very low intrinsic radial force, so trauma on parent vessel rarely occurs during procedure.
MATERTIALS AND METHODS

Patient data
Our center started to use intracranial stents as a treatment of intracranial aneurysm in October 2003. Since year 2003, a total of 158 patients have treated by stent assisted endovascular coil embolization and 102 patients have underwent stent assisted coil embolization for intracranial aneurysm and followed up in single center. All clinical records and radiologic findings were reviewed by two neurosurgeons. Of 102 patients, 93 patients were treated using Neuroform stent and 33 patients were treated using Enterprise stent.
Endovascular stent deployment technique
All procedures were performed under propofol sedation. All patients were fully heparinized targeting activated coagulation time of 250-300 seconds by intravenous heparin during procedure. Access was obtained through the right common femoral artery. We used 90 cm angled 6 Fr Envoy guiding catheter (Cordis Neurovascular, Miami Lakes, FL, USA) via right femoral artery access and SL-10 microcatheter (Target Therapeutics, Fremont, CA, USA) with 0.014 inch microguidewire. After the placement of a SL-10 microcatheter at distal target lesion on parent vessels, stent delivery system was advanced and positioned over across the aneurysm neck, and deployed. Secondly, coil embolization for aneurysm was performed with Guglielmi detachable coils, Matrix coils (Boston Scientific) and Microplex coils (Hypersoft, Microvention). Because the systemic heparinization and continuing antiplatelets medication has been kept, we mostly used closing device like Angioseal (St. Jude Medical, St. Paul, MN, USA) and Perclose (Abbott Laboratories. Abbott Park, IL, USA) to close the femoral puncture site. Most of patients were pretreated with dual anticoagulation (aspirin and clopidogrel) and were discharged on both aspirin (100 mg daily) and clopidogrel (75 mg daily). In our institution, patients take aspirin and clopidogrel for initial 3 weeks and after that, stop clopidogrel and continue aspirin. In the SPARCL (A secondary analysis of the stroke prevention by aggressive reduction in cholesterol levels), statin line drugs showed a 33% reduction in the risk of any stroke 14) . So our center recommend simvastatin (20 mg daily) to patients who have hyperlipidemia or coronary artery problems. However, some of patients missed initial follow-up and stopped voluntarily dual anticoagulation treatment.
Follow-up angiography
All follow-up conventional cerebral angiography was performed between 6 months and 3 years after initial stent deployment. Minimal diameter was measured and calculated to stenosis rate comparing previous cerebral angiography. We used same working view angle to reduce error. Stenosis was measured based on digital subtraction angiography by PACS (Picture Archiving Communication System).
We defined the stenosis as change of diameter comparing with previous angiography in parent vessel. We measured a diameter and calculated percentage of narrowing then excluded value below 20% because of bias on measurement.
We used stenosis segment analysis suggested by Daniel A. et al. 7) . We modified segment length and points were defined along the path of the parent artery; 1) 5 mm proximal to the stent (a), 2) 5 mm distal to the proximal struts (b), 3) segment at the aneurysm neck (c), 4) 5 mm proximal to the distal struts (d), and 5) 5 mm distal to the distal struts (e).
RESULTS
Patient population
A total of 158 patients were treated using stent for intracranial aneurysm and 170 stents were used between October 2003 and March 2010 at our center. Of 170 stents (lesions), number of Neuroform stent was 137 (80.6%) and Enterprise stent 33 (19.4%). One-hundred-two patients (65.6%) in 158 patients have had follow-up conventional cerebral angiography evaluations. Of 102 cases with follow-up angiography, patients who used Neuroform stent were 93 in number and Enterprise stent in 9 cases. In this population, eight patients (stenosis rate; 7.8%) have demonstrated in-stent stenosis on follow-up cerebral angiography, including 2 patients unruptured aneurysm. Respectively, Neuroform showed 7.5% of stenosis rate and Enterprise showed 11.1% of stenosis rate. Age range of 8 patients was from 46 to 67 (mean age; 56) and ratio of sex was 1 : 1 (female n = 4 , male n = 4) ( Table 1) .
Clinical outcome
There was no clinical symptom associated with in-stent stenosis in any of 8 patients. We have prescribed dual antiplatelets therapy for all patients who underwent stent assisted coil embolizations unless patient had a contraindication for antiplatetlet drug. Six of 8 patients who demonstrated the instent stenosis had taken dual antiplatelets drug since endovascular procedure. Remaining 2 patients had a contraindication for antiplatelets agent ( Table 2) . Since year 2009, our institution started a statin-line drug for patients who under-went stent associated procedure based on recent recommendation for in-stent stenosis.
Angiographic analysis
The locations of the aneurysm were basilar top (n = 2), posterior communicating artery (n = 4), anterior communicating artery (n = 1) and bifurcation of middle cerebral artery (n = 1). Six patients presented ruptured aneurysm and two patients presented unruptured aneurysm. Stenosis rate was measured on digital subtraction angiography and ranged from 20 to 90% (mean rate : 42.75%).
Case 7 had ≥ 90% stenosis at 6 months, Case 4 had 40% stenosis at 12 months, Case 3 had 37% stenosis at 18 months, and remaining patients showed ≤ 50% at 6 months ( Table  2) . None of these patients were symptomatic and did not require treatment for stenosis.
Angiographic follow-up
We demonstrated follow-up conventional angiography every 6 months from initial endovascular treatment. Five patients showed in-stent stenosis at first follow-up angiography. The other two patients showed in-stent stenosis at 12 months and 18 months, respectively. One patient showed stenosis on immediate postoperative angiography.
Spontaneous resolution of stenosis was found in only one patient of 8 patients at 6 months follow-up angiography from the time found in-stent stenosis.
Case illustrations
Case 1
A 47-year-old male patient (No. 7) was transferred from an outside hospital for evaluation of sudden onset headache. He complained intolerable headache and nausea. He had no specific medical history except smoking 1 pack per day for 2 decades. Initial GCS was E3M6V5 and Hunt-Hess grade was 2. Brain computed tomography at emergency room was done and revealed a spontaneous subarachnoid hemorrhage. We performed a diagnostic cerebral angiography and it showed two aneurysms at posterior communicating artery level on right side ICA. First, we deployed a stent from right ICA to M1 segment using a Enterprise (4.5 mm × 22 mm) stent. After that, we packed two aneurysms using Guglielmi detachable coils, Matrix coils (Boston Scientific) and Microplex coils (Hypersoft, Microvention). There were no perioperative complications and patient was treated in intensive care unit for 2 weeks and transferred to general ward. He was discharged without neurologic deficit. After 6 months, we performed a follow-up cerebral angiography and found a stenosis at end of stent (segment e). A stenosis rate was measured approximately more than 90% (Fig. 1 ).
Case 2
A 63-year-old male patient (No. 8) was referred for endovascular treatment. He had dizziness for several months. Brain magnetic resonance angiography done at previous hospital revealed an unruptured large aneurysm with broad neck. Conventional angiogram done at our institution showed a large aneurysm at right middle cerebral bifurcation. Aneurysm had a broad neck (5.9 mm) and we planned to perform 'Y-configuration' technique. We deployed two Neuroform (3.5 mm × 20 mm) stents from M1 segment to both M2 branches and packed aneurysm with Guglielmi He was discharged without any symptoms and had followup cerebral angiography after 6 months. There was an instent stenosis at one of the M2 branch (segment d) (Fig. 2) .
DISCUSSION
Intracranial stent is a highly versatile device for the treatment of intracranial aneurysm but as a novel device, relatively little is understood regarding the long-term significance of its use 3) . Before introduction of self-expanding intracranial stent, coronary stents were used and there was limitation for application in treatment of cerebral aneurysm. The coronary stents were insufficient due to their inflexibility. The tortuous parent vessels were often exposed a risk of dissection or rupture during stent navigation 10) . A brand-new intracranial stent (e.g., Neuroform stent) provide us much easier approach through tortuous intracranial parent artery because it had more flexible characteristics.
There is a proliferation and activation of regional smooth muscle cells, resulting in neointimal tissue formation, which can cause a restenosis within the stent 9) . Endothelial cells play a crucial role in the regulation of smooth muscle growth, and when regulation is ruined, neointimal proliferation results in stenosis 17) . In-stent stenosis is classically confronted within 3-6 months after treatment using intracranial stent 4, 12) . Several histologic reports have shown a neointimal hyperplasia that represents the primary pathologic mechanism in in-stent stenosis 6, 8) .
Angioplasty balloon and intravascular stent cause endothelial injury which is implicated with degree of neointimal hyperplasia. Neointimal hyperplasia is histologically marked by proliferation of smooth muscle cell and immoderate production of extracellular matrix 4) . To our knowledge, only very few reports have studied the restenosis after the deployment of stents within the cerebral vessel for atheromatous disease.
Stenting of Symptomatic Atherosclerotic Lesions in the Veterbral or Intracranial Arteries (SSYLVIA) trial demonstrated that greater than 50% delayed in-stent narrowing was found in 32% of intracranial lesions and in 43% of extracranial lesions treated with balloon mounted Neurolink stent 15) .
A fairly small number of endothelial disruption would be expected after the deployment of a self expanding stent which provide a very low radial force, consequently, the rate of in-stent stenosis would be expected to be much lower 3) . Moderate to severe in-stent stenosis with Neuroform selfexpanding stent has been reported with an incidence of 5.8% 3) . Bose et al. 1) reported a rate of in-stent stenosis of 7.5% after 6 months. Levy et al. reported on the treatment for symptomatic intracranial atheromatous disease and showed a rate of in-stent stenosis of 29.7% and 4.8% of in-stent stenosis after mean time of 5.9 months 3) . Similarly, our results show an incidence of in-stent stenosis of 7.8% using Neuroform and Enterprise stents.
Symptomatic stenosis may occur in large study group. Fiorella et al. 3) reported symptomatic stenosis rate of 1.3%. Although the stenosis was asymptomatic in most cases, high grade, long segment, or tandem lesions were found in patients with symptomatic stenosis. In our study, fortunately, there was no case of symptomatic stenosis.
The resolution of in-stent stenosis can be observed on follow-up conventional angiography. This spontaneous resolution was first described by Fiorella et al. 3) and they commented this fact had an important clinical meaning for patients treatment, such as continuation of dual antiplatelet medication, close observation for neurological symptom, and follow-up angiography. Schatz et al. 13) reported in a animal model that the in-stent neointima became thick and nontransparent in the early phase, but became thinner and sclerotic in the later phase, with cell number decrease. One patients in our cases showed a spontaneous resolution of stenosis after 6 months from initial stenosis was observed. In our study, only one patient showed a spontaneous resolution of stenosis and we established own protocol for in-stent stenosis as following : 1) strict medication schedule (dual antiplatelets plus HMA-CoA reductase inhibitor), 2) follow-up cerebral angiography every 6 months, 3) educate patient to visit hospital without delay in case of any neurologic change, and 4) regular monitoring of hyperlipidemia.
There are limitations to this study being a retrospective nature, small number of cases and short follow up period. The long-term follow-up is necessary in future study to settle the in-stent stenosis rate for intracranial stent application. Also, a large series of in-stent stenosis cases will be necessary to establish a statistic analysis such as the frequent involved location and relationship between aneurysm characteristics and in-stent stenosis.
CONCLUSION
In-stent stenosis after endovascular intracranial aneurysm treatment by using self expanding stents occurred in up to 7.8% in our study indicating that it has a latent possibility of delayed in-stent stenosis as a complication of stent assisted endovascular coil embolization. Symptomatic stenosis did not occur in our study group, however it can be changed into symptomatic stenosis depending on stenosis rate, and length of stenosis lesion.
